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Abstract
Xylotrophic fungi are widespread in all types of forests. The composition of their primary and 

secondary metabolites including biologically active compounds depends on species and growth 
substrate; therefore, fungi can become a valuable raw material for biotechnology, pharmaceuti-
cals, and food industry. Fomitopsis pinicola is one of the common species in Russia and Europe, 
growing predominantly on Pinus sylvestris L., but in mixed forests of the Urals it is also found on 
Betula pendula Roth. As metabolism of angiosperms and gymnosperms, and their timber prop-
erties are different, growth substrate could affect the chemical composition of fungi fruit bodies; 
therefore our study aimed at metabolite composition of extracts, obtained from F. pinicola col-
lected from birch and pine, and their antioxidant activity. Qualitative analysis revealed alkaloids, 
phenolics, and anthraquinones. Saponins were found only in the samples obtained from pine. 
Thin layer chromatography of extracts revealed the same qualitative composition of phenolics, 
but their amount was higher on birch – 4.2 mg g-1 then on pine – 3.1 mg∙g-1. In ABTS test extracts 
showed the same antiradical activity. The metabolomics profile obtained by UHPLC-MS totally 
revealed 116 compounds, and each fungi sample contained more than 70 of them. Thus, the type 
of substrate influenced on the profile of metabolites and quantitative composition in F. pinicola 
fruit bodies.
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Introduction

Forests occupy 46.6  % of the Russian 
Federation territory, which is about 20 % 
of all forests on the planet. They are not 
only a source of wood, but also a power-
ful sequester of carbon, regulating the cli-

mate both in local and global scales. For-
ests provide us with medicinal and food 
plants, mushrooms, etc. Sverdlovsk Re-
gion is one of the ten regions in Russia in 
terms of area (68 %) covered by forests. 
The largest city in the region – Yekaterin-
burg – is located on the eastern slope of 
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the Ural Mountains, in the southern taiga 
subzone and is surrounded by mixed for-
ests, represented by Pinus sylvestris L. 
with an admixture of Betula pendula Roth. 
(FAO 2012).

Common forest pests in the Urals are 
presented by parasitic and saprotrophic 
wood-destroying fungi. Some of them be-
ing parasites control the number of host 
trees, others being saprotrophic decay 
dead wood and return CO2 to the atmos-
phere. One of the most typical species in 
the Urals is Fomitopsis pinicola (Sw.) P. 
Karst., which mainly inhabits pine, but 
also occurs on birch (Gründemanna et al. 
2020). Large fruit bodies, wide distribu-
tion, and specific form and colour make it 
easily recognizable. This species damag-
es timber, causing brown wood rot. At the 
same time it is used in traditional medicine 
in Siberia, China and Korea (Bishop 2020, 
Gründemanna et al. 2020).

In recent decades, there has been 
an increasing interest to new natural raw 
materials, including fungi that contain bi-
ologically active compounds for medical 
purposes. The search for biologically ac-
tive substances (BAS) as bioprotectors 
and plant growth regulators for agriculture 
is also relevant (Ermoshin et al. 2021b). 
Large stocks and ease identification make 
F. pinicola promising for study as a raw 
material for the obtaining BAS for phar-
maceuticals and biotechnology. In vitro 
experiments have shown that the chloro-
form extract of F. pinicola fruit bodies neg-
atively affects the growth of some cancer 
cell lines (Gao et al. 2017). For alkaline 
extracts, the antidiabetic effect has been 
demonstrated in rats (Lee et al. 2008), 
as well as an immunomodulating, anti-in-
flammatory and antioxidant effects of its 
polysaccharides. It has been shown that 
fruit bodies contain ergosterol, sesquit-
erpenes, lanostane triterpenes and their 

glycosides (Bishop 2020, Janardhanan 
et al. 2020). Moreover, fungi fruit bodies 
are rich in phenolics which are known as 
the powerful reducing agents, and other 
biologically active substances – anthro-
quinones, carbohydrates, amino acids 
(Ermoshin et al. 2021a). However, this 
species has been studied to a much less-
er extent than Reishi or Chaga used by 
the official medicine (Gründemanna et al. 
2020, Janardhanan et al. 2020).

Most of the works do not indicate the 
type of growth substrate for studied spe-
cies, though it is known that the compo-
sition of the fruit body is influenced by 
the growth substrate, and partially the 
fruit bodies are made of fragments of 
wood on which the fungus grows. Thus, 
the purpose of our work was to compare 
the chemical composition of ethanol and 
methanol extracts and the antioxidant ac-
tivity of ethanol extracts from tinder fungus 
F. pinicola collected from the most typical 
growth substrates – pine and birch.

Materials and Methods

Biological material was collected in a 
mixed forest in the vicinity of the biolog-
ical station of the Ural Federal Universi-
ty, Sverdlovsk region, Sysertsky district 
(56°36ʹ4ʺ N 61°3ʹ25ʺ E). Fruit bodies were 
collected by route method from all tree 
trunks on the transect. The number and 
the mass of the collected fruit bodies were 
assessed in the laboratory (Ermoshin et 
al. 2021a).

The chemical composition and in vit-
ro antioxidant activity of fruit bodies were 
studied in ethanol (95%) extracts. Ethanol 
(3 mL) was added to a dry biomass of fruit 
bodies (150 mg). The mixture was treat-
ed with ultrasound for 15 min (570 W) at 
50 °C. Then the mixture was centrifuged. 
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The supernatant was poured into a Fal-
con tube. Extraction was repeated 3 more 
times, supernatants were pooled togeth-
er, and the extract volume was adjusted to 
15 mL. The qualitative composition of the 
main groups of BAS was assessed using 
standard pharmacopeial tests (Zhu et al. 
2017, Shaikh and Patil 2020, Ermoshin et 
al. 2021a). The amount of the total phe-
nolics was determined spectrophotomet-
rically in the reaction with Folin-Checolteu 
reagent and expressed in terms of gallic 
acid (Sulkowska-Ziaja et al. 2012). The 
antioxidant activity in vitro was deter-
mined in three tests and expressed as the 
total reduction potential, as the antiradical 
activity in ABTS-test, and antioxidant ac-
tivity in membrane lipid peroxidation mod-
el (Ermoshin et al. 2021a, b).

Ethanol extracts were also studied for 
the qualitative characteristics of the birch 
and pine bark metabolites by thin layer 
chromatography (TLC) in a solvent sys-
tem toluene: ethyl acetate: formic acid 
(30:18:2), and phenolic compounds were 
visualised with ferric chloride, flavonoids 
with aluminum chloride and terpenes with 
phosphoric-tungstic acid (Bertrams et al. 
2013, Hamad et al. 2019, Blondeau et al. 
2020, Ermoshin et al. 2021a).

The identification of individual phenolics 
and terpenoid compounds was carried out 
in extracts prepared from 50 mg of dry ma-
terial in 1 mL of methanol. The mixture was 
treated with ultrasound at 40 °C for 30 min, 
and then extracts were separated by cen-
trifugation, purified by passing through a 
reverse-phase column (C-18) and a micro-
filter with pore size of 0.02 μm. The iden-
tification of compounds was done using 
UHPLC-DAD-MS method. UHPLC-DAD 
was performed with an Agilent 1290 UH-
PLC coupled with a 6430 triple quadru-
pole mass spectrometer (Agilent Tech-

nologies, Singapore). Separations were 
performed on an Agilent ZORBAX RRHD 
Eclipse Plus C18 column (50×2.1  mm, 
i.d. 1.8  μm). UHPLC mobile phase was 
composed of 0.1 % formic acid as A and 
methanol as B. The A:B ratio was varied to 
the following program: 0 min, 85:15; 2 min, 
73:27; 4 min, 65:35; 7 min, 50:50; 10 min, 
40:60, 12 min, 25:75, 17 min, 0:100. The 
follow rate was 0.3 mL∙min-1, the injection 
volume was 2 μL, and the column temper-
ature was 30 ºC. The list of standards was 
compiled based on the literature data (Kim 
et al. 2008, Gao et al. 2013, Ermoshin et 
al. 2022).

Statistical data processing was done 
using Statistica 8 (StatSoft). The signifi-
cance of differences in the abundance of 
fruit bodies on different substrates was 
determined by Fisher’s criterion. The as-
sessment of chemical composition simi-
larity was carried out according to Jaccard 
coefficient. Differences in quantitative in-
dicators are shown by the nonparametric 
U-Mann-Whitney test. Analyzes were car-
ried out in 3–4 analytical and 2–3 biologi-
cal replicates.

Results and Discussion

The studied species was found mainly on 
pine. However, the species is also known 
to inhabit deciduous species, including 
birch, but with a significantly lower abun-
dance (Bishop 2020, Gründemanna et 
al. 2020). The biomass and the number 
of collected fruit bodies are presented in 
Table 1. Most of the basidiocarps were 
collected from pine trunks – 4 times more 
often than on birch. By mass 90 % of all 
fruit bodies were collected from pine. Ba-
sidiocarps on birch were twice smaller in 
mass than on pine.
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Table 1. Frequency and total weight of basidocarps on different substrates.

Species Number of trees 
and percent of trees

Total dry mass of the collected 
fruit bodies, g/%

Average dry mass of 
fruit bodies per tree, g

Pine 19 (79.2 %) 665/89.9 35
Birch 5 (20.8 %)* 75/10.1* 15
Total 24 (100 %) 740/100

Note: * – the difference is significant at p < 0.05 (Fisher’s test).

The bark of trees is the outer layer of 
the trunks, and its chemical composition 
directly depends on the composition of the 
wood. Despite the difference in composi-
tion, at least a quarter of the wood compo-
nents are found in the bark (Ghavidel et 
al. 2021), therefore, we have studied the 
chemical composition of the bark.

The extracts from pine and birch bark 
contained the main groups of BAS (Ta-
ble  2) as phenolics, flavonoids, triterpe-
nes in both species; tannins and alkaloids 
were not detected, which corresponds 

to literature data (Bertrams et al. 2013, 
Hamad et al. 2019). Anthraquinones were 
found in the pine bark and saponins were 
presented only in the birch bark.

A quantitative analysis was performed 
for phenolics and flavonoids. They are 
known as important BAS with multiple 
health effects and activities (Selamoglu 
2017). There was no significant difference 
in the content of phenolic compounds be-
tween species; however, the content of 
flavonoids in the pine bark was more than 
5.5 times higher than in the birch bark.

Table 2. The main groups of BAS in the bark of birch and pine.

Sample 
(extract)

Phenolics, 
mg∙g-1

Flavonoids, 
mg∙g-1

Tan-
nins

Anthra 
quinones

Alka-
loids

Ter-
penes

Sapo-
nins

Pine bark 32.3 ±1.0 13.2 ±0.8 - + - + -
Birch bark 30.6 ±0.6 2.3 ±0.3** - - - + +

Basidiocarps from pine 3.1 ±0.1 n.d. - + + + +
Basidiocarps from birch 4.2 ±0.2* n.d. - + + + -

Note: (+) – component detected; (-) – qualitative reactions are negative; n.d. – not determined, 
below the limit of detection, in a quantitative method; * – differences between pine and birch are 
significant at p  < 0.05 (U-criterion); ** – differences between pine and birch are significant at 
p < 0.01 (U-criterion).

The analysis of individual compounds 
was carried out by the method of TLC (Ta-
ble 3). In birch bark 8 spots were found 
(presumably 5 terpenes, 2 phenols and 
1 flavonoid), and 10 spots – in pine (pre-
sumably 2 terpenes, 2 phenols, 2 flavo-
noids and 4 four spots were not identified 
to class of chemicals). Tree spots were 
common to both substrates. Two of them 
were terpenes, and one corresponded to 

the quercetin standard. Salicylic acid was 
found in the birch bark, according to the 
standard. The index of similarity for the 
chemical composition of substrates was 
0.2 according to Jaccard criterion. Thus, 
pine as a substrate had a greater variety 
of metabolites than birch. Not only were a 
greater number of individual compounds 
observed in the pine bark, but also a high-
er content of phenolics and flavonoids. 
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The results obtained do not contradict the 
literature data (Hamad et al. 2019, Ram-
adhani et al. 2021). We supposed that F. 

pinicola basidiocarps harvested from pine 
would also have a wider variety of metab-
olites.

Table 3. TLC analyses of pine and birch bark.

No

Spot colour

Rf

Distribution coeffi-
cient relative to Sample

Group 
of com-
pounds

Without 
chemi-
cal pro-
cessing

With 
AlCl3

With 
phos-
phor-

ic-tung-
stic acid

With 
FeCl3

Quer-
cetin

Gal-
lic 

acid

Sali-
cylic 
acid

Birch 
bark

Pine 
bark

1 - - grey - 0.06 0.14 0.22 + n.d.
2 brown brown - - 0.07 0.19 0.33 0.12 + n.d.
3 - yellow - grey 0.12 0.28 0.46 0.18 + flavonoid
4 rose brown rose - 0.14 0.34 0.57 0.22 + terpene
5 - - - grey 0.19 0.42 0.68 0.29 + phenolic
6 grey grey - grey 0.26 0.64 1.09 0.43 + phenolic
7 violet grey - violet 0.35 0.83 1.42 0.55 + phenolic
8 yellow green yellow grey 0.45 1.00 1.69 0.67 + + quercetin
9 - - violet - 0.54 1.20 1.83 + + terpene

10 grey grey - blue 0.63 1.52 2.60 1.00 + salicylic 
acid

11 - - violet - 0.71 1.57 2.39 + terpene
12 - - violet - 0.77 1.71 2.61 + + terpene
13 - - violet - 0.81 1.80 2.74 + terpene
13 - - grey - 0.88 1.97 3.00 + n.d.
15 - - grey - 0.95 2.11 3.22 + n.d.

Note: Rf – retention factor, n.d. – not determined, below the limit of detection in a quantitative 
method.

Comparison of basidiocarp extracts 
showed that their chemical composition 
differed from the bark composition. For 
example, alkaloids were found only in the 
fruit bodies. Anthraquinones were detect-
ed in basidiocarps growing on both sub-
strates, while in the bark they were found 
only in pine. The presence of saponins 
depended on the growth substrate. The 
amount of phenolics in the fruit bodies 
was significantly less than in the growth 
substrate, and flavonoids were found in 
trace amounts. Even though pine bark 

was richer in phenolics than birch bark, 
fruit bodies collected from pine contained 
25  % less phenolics than basidiocarps 
from birch.

Our results on the antioxidants such as 
phenolic compounds and anthraquinones, 
found in F. pinicola basidiocarps, corre-
spond to literature data. (Yen et al. 2000, 
Sulkowska-Ziaja et al. 2012). We com-
pared in vitro antioxidant activity of extracts 
from basidiocarps growing at the same ter-
ritory and having the same age but differ-
ing in the growth substrate (Table 4).
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Table 4. In vitro antioxidant activity of extracts.

Substrate ABTS-test, % Total reduction potential, 
%

Inhibition of lipid peroxidation, 
%

Pine 92.9 ±0,1 553 ±12 44.9 ±11,7
Birch 92.8 ±0,2 795 ±24* 32.3 ±19.0*

Note: * – differences between pine and birch are significant at p < 0.05 (U-criterion).

usage as the possible sources of antiox-
idants.

TLC revealed only three metabolites in 
basidiocarp extracts, which could not be 
reliably determined to class. The method 
turned out to be uninformative for dis-
tinguishing the composition of the fruit 
bodies extracts for one species of fungi 
growing on different substrates, therefore, 
to compare the composition of the fruit 
bodies, HPLC was done in combination 
with mass spectrometry. We focused on 
the search for the most common phenolic 
compounds with pronounced antioxidant 
activity and biological effects, such as 
anti-cancer, antiviral, antibacterial, hypo-
glycemic, and others (Sulkowska-Ziaja 
et al. 2012, 2018). Except phenolic com-
pounds, we have paid attention to terpe-
noids known for their anticancer activity 
(Gao et al. 2013, Cör et al. 2018, Dasgup-
ta and Acharya 2019). The results are pre-
sented in Table 5.

Basidiocarps growing on birch had a 
higher level of phenolics and reduction 
potential than those growing on pine. In 
the model of membrane lipid peroxidation 
the opposite pattern was observed – the 
extract from fruit bodies growing on birch 
inhibited the formation of malondialde-
hyde by a quarter weaker than the ex-
tract of fruit bodies from pine. Probably, 
the mechanism of LPO inhibition was not 
directly related to the antioxidant effect 
of phenolics since they are hydrophilic 
molecules and do not dissolve in the lipid 
phase of membranes. Regardless of the 
growing substrate, the fungi extracts had 
the same high antiradical activity in the 
ABTS test. Thus, F. pinicola extracts from 
both substrates had a high antioxidant ac-
tivity, which corresponds to literature data 
(Sulkowska-Ziaja et al. 2012, Nowacka et 
al. 2015, Onar et al. 2016, Sevindik et.al. 
2017) and makes it interesting for biotech-
nology, pharmaceutical and nutraceutical 

Table 5. Content of individual phenols and terpenes in fruit bodies.

Compound Precursor ion /  
Production, m∙z-1

Substrate
Pine, µg∙g-1 Birch, µg∙g-1

Phenolics
Gallic acid 169/125 8.04±0.40 1.32±0.05*

Chlorogenic acid 353/191.1 0.02±0.00 0.03±0.00
Caffeic acid 179/135 0.81±0.04 1.21±0.05

P-coumaric acid 163/119 0.33±0.00 0.33±0.02
Cinnamic acid 147/103.6 n.d. 3.61±0.20*

Protocatechuic acid 153/109 42.67±2.10 56.87±2.80
Catechin 289/109 n.d. 2.65±0.10*

Epicatechin 289/245 0.05±0.00 n.d. 
Rutin 610/300 0.21±0.01 0.44±0.02*

Luteolin 285/133 0.21±0.01 0.36±0.02
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Compound Precursor ion /  
Production, m∙z-1

Substrate
Pine, µg∙g-1 Birch, µg∙g-1

Kaempferol 285/133 0.56±0.03 0.64±0.03
Terpenes

20-OH lucidenic acid A 455/149 n.d. 0.23±0.01
20-OH lucidenic acid 

N 457/none 0.53 ±0.03 0.10±0.00*

Ganodermanotriol 473/437.3 n.d. 36.76±1.50*
Ganoderiol A 475/457.3 8.60±0.4 15.16±0.70*
Ganoderiol D 489/471.2 33.97±1.40 6.25±0.37*
Ganoderiol F 477/none 1.15±0.05 0.89±0.04
Lucidumol A 473/259.1 0.47±0.02 1.01±0.05

Ergosterol peroxide 429/none 263.49±13.00 167.68±8.30*

Note: * – differences between pine and birch are significant at p < 0.05 (U-criterion).

perform an anticancer activity, and even in 
small concentration they can inhibit tumor 
cells (Gao et al. 2013). Ergosterol perox-
ide which is known as pronounced anti-
cancer compound (Dasgupta and Acha-
rya 2019) dominated among individual 
terpenes and phenols. Its concentration 
(0.16–0.26 mg∙g-1) was higher in extracts 
from fruit bodies grown on pines then on 
birches.

A detailed study of chromatograms 
(Fig. 1) showed at least 74 compounds 
(molecular weight individual peaks) in fruit 
bodies from birch, and 72 in basidiocarps 
from pine. Thirty of them were common 
for both fungi extracts (they have the 
same retention time and ion mass). Jac-
card similarity coefficient was 0.26, which 
was close to the value of the coefficient for 
chemical composition of bark from TLC 
analysis.

The search for new antioxidants is 
relevant and promising, since oxida-
tive stress is a common response to the 
pathogenesis of many diseases. Reactive 
oxygen species disrupt the structure of 
proteins; increase the frequency of muta-
tions, which lead to the tumor risks, the 
heart diseases, and so on. Therefore, the 

Protocatechuic acid was the predomi-
nant phenolics, which is known as a pow-
erful antioxidant. Hydroxybenzoic acid 
which is often presented in fungi (Kim et 
al. 2008) was not found in the studied spe-
cies. The sum of identified phenolic com-
pounds was only 1.5–2 % of the amount 
of phenolics determined spectrophoto-
metrically. Flavonoids were not detected 
by qualitative reactions, and spectropho-
tometrically their content was determined 
in trace amounts, thus, flavonoids did not 
play a significant role in the antioxidant 
activity of F. pinicola fruit bodies extracts. 
However, they were determined by the 
method of UPHLC-MS. A lot of the com-
pounds in studied extracts were not identi-
fied, but most likely they belonged to poly-
phenols. In terms of the concentration and 
diversity of identified compounds, birch 
samples were richer in BAS. This makes 
the study of basidiocarps collected from 
birch rather interesting compared to pine.

UHPLC revealed small concentration 
of terpenes, characteristic to Ganoderma 
(Reishi). They were also found in trace 
amounts in other fungal species, that are 
not related to Ganoderma genus (Gao et 
al. 2013). These compounds are known to 
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search for new natural antioxidants is an 
important task. At the same time, it mat-
ters to know from which substrate the fruit 
bodies of fungi should be collected. In our 
study raw materials collected from birch-
es had a higher content of phenolic com-
pounds and greater antioxidant activity.

Conclusion

The chemical composition of extracts from 
F. pinicola fruit bodies collected on the 
same territory at the same time, growing 
on pine or birch revealed the same groups 
of BAS, except for saponins, which were 
found only in basidiocarps from pine. The 
analyses of the metabolic profiles by fin-
ger-printing method revealed the influence 
of the substrate on the chemical composi-
tion of fungi extracts – more than 70 com-
pounds were found in each sample, and 
only 30 were common. The total amount 
of phenolics and antioxidant activity were 
higher in the fruit bodies, collected from 
birch. Protocatechuic acid, a powerful 
antioxidant, prevailed among phenolics 
in both fungi extracts. Both samples con-
tained terpenes, characteristic for Gano-
derma (Reishi), but in much smaller quan-
tities. Ganoderiol D predominated among 
others. High concentration of anti-cancer 
compound ergosterol peroxide found in 
both fungi extracts.

Thus, the growing substrate affects  
the qualitative and quantitative compo-
sition of F. pinicola fruit bodies. The type  
of fungal growth substrate can change  
the profile of the metabolites in them.  
The data obtained gives the prospects 
for further study and use of F. pinicola in 
pharmaceuticals. This species is typical 
for pines, but could be also find on birch 
trunks in mixed forests in much smaller 
quantities. More detailed study of F. pin-

icola fruit bodies, growing on a birch is 
necessary.
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